Introduction {#Sec1}
============

As the most frequently observed primary aggressive bone tumor, osteosarcoma occurs most often in childhood and adolescence, with a second incidence peak among individuals over 50 years of age \[[@CR1]\]. Aggressive therapeutic modalities, including surgical resection and combinational chemotherapy, can cure 70% of patients with localized disease. However, the prognosis of patients with metastatic or relapsed osteosarcoma remains unfavorable, with no improvement over the past 30 years \[[@CR1]\]. Thus, further investigation of the biomarkers for the prognosis of osteosarcoma is needed to develop effective agents for treatment.

In cancer development and progression, the extracellular matrix (ECM) undergoes compositional and organizational remodeling and facilitates tumor angiogenesis by regulating the dynamic behaviors of endothelial cells through various cell adhesion receptors. Accordingly, ECM proteins are potentially promising therapeutic targets \[[@CR2]\].

Fibronectin (FN) is a multifunctional glycoprotein of the ECM that plays a crucial role in cell adhesion and angiogenesis. In the process of metastatic progression, FN acts as a potent guidance and motility cure for cancer cells via ECM remodeling and ECM-guided directional migration \[[@CR3]\]; FN independently indicates unfavorable clinical outcomes in nasopharyngeal carcinoma \[[@CR4]\] and head and neck squamous cell carcinomas \[[@CR5]\]. As a bone matrix protein synthesized by osteoblasts, FN also regulates the differentiation and survival of osteoblasts \[[@CR6]\]. Overall, high FN levels of expression are observed in osteosarcoma cell lines \[[@CR7]\].

Integrins are cell adhesion receptors mediating tumor cell migration, proliferation, and invasion through recognition of diverse matrix ligands, including FN, collagen, and laminin \[[@CR8]\]. Among members of the integrin family, integrin αvβ3 specifically binds to FN with high affinity \[[@CR9]\]. Integrin αvβ3 expression is strongly increased in tumor cells, with a prominent role as a pro-angiogenic factor in the progression of various tumor types \[[@CR10]\]. Upregulation of αvβ3 integrin is also involved in the exogenously induced cell migration, invasion, and anti-apoptotic activity of osteosarcoma cells \[[@CR11]\]. Targeted imaging of integrin αvβ3 can be employed to specifically detect tumor location and size in osteosarcoma and may provide a potential tool in pre-operative assistance or therapy monitoring \[[@CR12]\].

Interaction between FN and αvβ3 contributes to osteoblast adhesion and proliferation \[[@CR13]\]. Furthermore, depletion of αvβ3 in osteosarcoma cells reduces cell adhesion and spread on FN \[[@CR14]\]. However, the prognostic impact of FN and αvβ3 on osteosarcoma has yet to be explored. In this study, we analyzed FN and αvβ3 expression levels via immunohistochemistry and western blotting and examined correlation of the individual expression as well as co-expression with the clinicopathological features, disease-free survival (DFS), and overall survival (OS) of patients with osteosarcoma to identify the potential clinicopathological and prognostic values of these factors in osteosarcoma.

Materials and methods {#Sec2}
=====================

Patients and tissue specimens {#Sec3}
-----------------------------

We carried out a retrospective study of 60 patients with primary osteosarcoma who had undergone complete surgical resection at the First Affiliated Hospital of Fujian Medical University between 2009 and 2014. Histopathological diagnosis of all specimens was confirmed by a senior doctor of pathology. All patients underwent standardized neoadjuvant and postoperative chemotherapy with ifosfamide, cisplatin, and doxorubicin. Relevant clinical data were retrieved from medical records, including sex, age at diagnosis, tumor size, tumor location, histologic subtype, Enneking staging, and response to chemotherapy. Formalin-fixed and paraffin-embedded surgical tumor specimens for immunohistochemical staining were obtained from the archives of the Department of Pathology.

Follow-up of osteosarcoma patients was terminated on 31 August 2017 either by phone call or outpatient visit. To assess the development of local recurrence and distant metastasis, all patients with osteosarcoma were monitored by X-ray or lung computed tomography (CT) scans after surgical excision every 3 months during the first 3 years and every 6 months thereafter. DFS time was calculated from the date of diagnosis until the date of first tumor progression. OS time was calculated from the date of diagnosis until the date of death. Patients were censored at the date of the last follow-up if tumor progression or death had not occurred.

Written informed consent was provided by all participants involved in this study. The study protocol conformed to the ethical guidelines of the Declaration of Helsinki and was approved by the Ethics Committee of the First Affiliated Hospital of Fujian Medical University.

Immunohistochemistry and scoring {#Sec4}
--------------------------------

Immunohistochemical expression of FN and αvβ3 in archival osteosarcoma specimens were examined by applying a PV-9000 Polymer Detection System (Zhongshan Goldenbridge Inc., Beijing, China), with 30 corresponding osteochondroma tissues which were resected at the First Affiliated Hospital of Fujian Medical University between 2009 and 2014 used as controls. Paraffin-embedded specimens were serially sectioned (4 μm) and incubated for 1 h at 60 °C. The tissue sections were then deparaffinized, hydrated, and incubated with 3% hydrogen peroxide for 10 min at room temperature to block endogenous peroxidase activity. During the antigen retrieval process, the sections were placed in citrate buffer (pH 6.0) in an electromagnetic oven for 2 min and then allowed to cool to room temperature. The sections were incubated overnight at 4 °C with antibodies against FN (mouse monoclonal 2755-8; 1:50; Santa Cruz, USA) and αvβ3 (rabbit polyclonal orb10927; 1:50; Biorbyt, UK). Next, the sections were incubated with a polymer helper reagent for 20 min at room temperature and then poly-peroxidase-anti-mouse/rabbit IgG for 30 min at room temperature according to the manufacturer's instructions. After staining with diaminobenzidine (Zhongshan Goldenbridge Inc.), the sections were counterstained with hematoxylin, dehydrated, and mounted. Negative (PBS (0.01 M, pH 7.2) rather than primary antibodies) and known positive (human esophagus tissue for FN and human lung cancer tissue for αvβ3) controls were stained in parallel with each set of sections studied.

The staining results were evaluated by two independent observers (CYP and ZZZ). Cytoplasmic staining for FN or αvβ3 in tumor cells was interpreted as a positive result. The average labelling index of FN from five random high-power fields was semi-quantitatively recorded as follows: 0, no positive staining; ±, only a few scattered positive cells accounting for less than 20% of tumor cells; +, cluster(s) of positively stained cells accounting for 20--30% of tumor cells; ++, cluster(s) of positively stained cells accounting for greater than 30% of tumor cells \[[@CR15]\]. The average labelling index of αvβ3 from five random high-power fields was recorded as follows: 0, absent; ±, weak expression, accounting for greater than 20% of tumor cells; +, moderate expression, accounting for greater than 20% of tumor cells; ++, strong expression, cells accounting for greater than 20% of tumor cells \[[@CR16]\]. Specimens showing immunostaining of ++ were defined as high expression of FN or αvβ3; expression levels of ± or + were defined as low expression, and 0 as negative expression.

Western blotting {#Sec5}
----------------

Tissues (100 mg) of 60 osteosarcoma and 30 corresponding osteochondroma cases were ground into powder in liquid nitrogen and lysed in lysis buffer (cat. no. G2002; Servicebio Technology, Wuhan, China). Protein concentrations in the lysates were then quantitated using a Bicinchoninic Acid Protein Assay kit (cat. no. G2026; Servicebio Technology) and preserved at − 80 °C. Proteins (40 μg) were separated by 10% SDS-PAGE and transferred to PVDF membranes. The membranes were incubated with primary anti-FN (1:1000; Santa Cruz) and anti-αvβ3 (1:1000; Biorbyt) antibodies overnight at 4 °C, followed by incubation with a horseradish peroxidase-conjugated secondary antibody (cat. no. GB23404; 1:3000; Servicebio Technology) for 1 h at 37 °C. The signal was visualized using an Enhanced Chemiluminescence detection system (Amersham Biosciences, UK) and Image Lab software version 3.0 (Bio-Rad Laboratories, Inc., USA). β-actin was simultaneously detected using mouse anti-β-actin antibody (1:5000; Servicebio Technology) as a loading control.

Statistical analysis {#Sec6}
--------------------

The chi-square test, Fisher's exact test, or Student's *t t*es*t* (independent-sample) was used to compare FN and αvβ3 expression between osteosarcoma and osteochondroma and to determine whether their expression was correlated with the clinicopathological data of the osteosarcoma patients. Spearman's rank coefficient was applied to determine the correlation between FN and αvβ3 expression. Kaplan-Meier survival plots were employed for univariate analysis and the log-rank test was utilized to compare differences in survival distributions. The Cox proportional hazards model was used to perform multivariate analysis for all parameters significant in the univariate analysis. The Harrell concordance index (C-index) was calculated to measure the performance of the model. All statistical analyses were performed using SPSS software version 19.0 (SPSS Inc., Chicago, USA). *P* \< 0.05 was considered statistically significant.

Results {#Sec7}
=======

Expression of FN and αvβ3 in osteosarcoma and osteochondroma specimens {#Sec8}
----------------------------------------------------------------------

FN and αvβ3 protein distribution were primarily observed in the cytoplasm of tumor cells (Fig. [1](#Fig1){ref-type="fig"}). The statistical results of immunohistochemistry are summarized in Table [1](#Tab1){ref-type="table"}. FN and integrin αvβ3 were highly expressed in 19 (31.7%) and 16 (26.7%) of 60 osteosarcoma cases, which were not observed in the 30 osteochondroma cases. FN (*P* = 0.002) and αvβ3 (*P* \< 0.001) showed higher rates of expression in osteosarcoma than in osteochondroma. The expressional levels of the two proteins were further verified by western blotting analysis. Similarly, the expression of FN (*P* \< 0.001) and αvβ3 (*P* = 0.003) was also found to be upregulated in osteosarcoma tissues compared with osteochondroma tissues (Fig. [1](#Fig1){ref-type="fig"}). These results demonstrated that the expressional levels of FN and αvβ3 proteins were markedly increased in osteosarcoma tissues compared with the corresponding osteochondroma tissues. Furthermore, high expression (FN^+^/αvβ3^+^; Table [1](#Tab1){ref-type="table"}; Fig. [2](#Fig2){ref-type="fig"}) and low/negative expression (FN^−^/αvβ3^−^; Table [1](#Tab1){ref-type="table"}) of both FN and αvβ3 were identified in 10 and 50 osteosarcoma cases, respectively. The co-expression rates of the two proteins were significantly different in osteosarcoma and osteochondroma specimens (*P* \< 0.001). A significant correlation for the level of expression was observed between FN and αvβ3 in osteosarcoma (*r* = 0.379, *P* = 0.003, Table [2](#Tab2){ref-type="table"}).Fig. 1Expression of FN and αvβ3 in osteosarcoma and osteochondroma specimens. Representative images of immunohistochemistry show high cytoplasmic FN expression in osteosarcoma (**a**) and low FN expression in osteochondroma (**b**) as well as high cytoplasmic αvβ3 expression in osteosarcoma (**c**) and low αvβ3 expression in osteochondroma (**d**). Original magnification, × 200. **e** Representative images of western blotting show the expressions of FN and αvβ3 in the lysed osteosarcoma and osteochondroma. **f** Quantification of expression levels of FN and αvβ3 in osteosarcoma and osteochondroma tissues. β-actin was used as an internal loading control. OS, osteosarcoma; C, osteochondroma. Columns, mean from 60 or 30 tissues; bars, square deviation (\**P* \< 0.05 by an independent-sample *t* test)Table 1Expression of FN and αvβ3 in osteosarcoma and corresponding osteochondromaOsteosarcoma, *n* (%)Osteochondroma, *n* (%)*P* valueFN High expression19 (31.7)0 (0)0.002 Low expression22 (36.6)14 (46.7) Negative expression19 (31.7)16 (53.3)αvβ3 High expression16 (26.7)0 (0)\< 0.001 Low expression24 (40.0)8 (26.7) Negative expression20 (33.3)22 (73.3)FN^+^/αvβ3^+^10 (16.7)0 (0)\< 0.001Others^a^15 (25.0)0 (0)FN^−^/αvβ3^−^35 (58.3)30 (100.0)^+^High expression; ^−^low/negative expression; ^a^FN^+^/αvβ3^−^ plus FN^−^/αvβ3^+^Fig. 2Co-expression of FN and αvβ3 in one osteosarcoma specimen. Immunohistochemical staining showed high expression of FN (**a**) and αvβ3 (**b**) in one osteosarcoma specimen. Original magnification, × 200Table 2Correlation between FN and αvβ3 expression in osteosarcomaFNαvβ3*rP* valueHigh expressionLow expressionNegative expressionHigh expression10540.3790.003Low expression3145Negative expression3511*r* correlation coefficient

Association between expression of FN and αvβ3 in osteosarcoma and clinicopathological characteristics {#Sec9}
-----------------------------------------------------------------------------------------------------

The osteosarcoma patients' clinicopathological characteristics are summarized in the Additional file [1](#MOESM1){ref-type="media"}: Table S1. Association of FN and αvβ3 expression individually (Table [3](#Tab3){ref-type="table"}) and together (Table [4](#Tab4){ref-type="table"}) with clinicopathological parameters, including sex, age, tumor size, tumor location, histologic subtype, Enneking staging, and response to chemotherapy, were analyzed. Expression of FN and integrin αvβ3 was stratified according to conventional (osteoblastic, chondroblastic, and fibroblastic types) and special (small cell and telangiectatic types) osteosarcoma, rather than each histological subtype. In osteosarcoma, high FN expression was significantly associated with a poor response to chemotherapy (*P* = 0.001; Table [3](#Tab3){ref-type="table"}), whereas high expression of αvβ3 was significantly associated with advanced Enneking staging (*P* = 0.028; Table [3](#Tab3){ref-type="table"}) and a poor response to chemotherapy (*P* = 0.002; Table [3](#Tab3){ref-type="table"}). Tumors were more likely to develop to an advanced surgical stage (*P* = 0.013; Table [4](#Tab4){ref-type="table"}) and exhibit a worse response to chemotherapy (*P* = 0.002; Table [4](#Tab4){ref-type="table"}) as the combined expression levels progressed from FN^−^/αvβ3^−^ to other groups (FN^+^/αvβ3^−^ plus FN^−^/αvβ3^+^) and then an FN^+^/αvβ3^+^ status. In addition, a sex difference (*P* = 0.011) was found among the three expression levels of FN and αvβ3.Table 3Association between individual FN and αvβ3 expression and clinicopathological characteristics in osteosarcomaClinicopathologic dataCase numberFNαvβ3High (*n* = 19)Low/Neg (*n* = 41)*P* valueHigh (*n* = 16)Low/Neg (*n* = 44)*P* valueSex Male381127NS929NS Female22814715Age (years) \< 1826620NS818NS ≥ 18341321826Tumor size (cm) \< 523617NS419NS ≥ 53713241225Tumor location Tibia or femur401125NS1129NS Other location20416515Histologic subtype Conventional551738NS1441NS Special52323Enneking staging I-IIA21417NS2190.028 IIB3915241425Response to chemotherapy^a^ Good283250.0012260.002 Poor3216161419*Neg* negative, *NS* no significance^a^Good: tumor necrosis ≥ 90%, poor: tumor necrosis \< 90%Table 4Association between co-expression of FN and αvβ3 and clinicopathological characteristics in osteosarcomaClinicopathologic dataCase numberFN^+^/αvβ3^+^ (*n* = 10)Others^a^ (*n* = 39)FN^−^/αvβ3^−^ (*n* = 11)*P* valueSex Male38720110.011 Female223190Age (years) \< 18265156NS ≥ 18345245Tumor size (cm) \< 5233164NS ≥ 5377237Tumor location Tibia or femur407258NS Other location203143Histologic subtype Conventional5593610NS Special5131Enneking staging I-IIA2121180.013 IIB398283Response to chemotherapy\* Good2802080.002 Poor3210193*NS* no significance\*Good: tumor necrosis ≥ 90%; poor: tumor necrosis \< 90%; ^+^high expression; ^−^low/negative expression; ^a^FN^+^/αvβ3^−^ plus FN^−^/αvβ3^+^

Association between expression of FN and αvβ3 in osteosarcoma and clinical outcome {#Sec10}
----------------------------------------------------------------------------------

The mean patient follow-up time was 45.2 months (range 8 to 86 months). By the end of the follow-up period, 28 (46.6%) patients survived with no evidence of disease, 13 (21.7%) remained alive with disease, and 19 (31.7%) succumbed to osteosarcoma (Additional file [1](#MOESM1){ref-type="media"}: Table S1).

Univariate analysis of patient survival in relation to FN and αvβ3 expression levels is presented in Table [5](#Tab5){ref-type="table"}, and survival curves are shown in Fig. [3](#Fig3){ref-type="fig"}. Mean DFS and OS times decreased with increasing expression of either FN (DFS, *P* \< 0.001, Fig. [3a](#Fig3){ref-type="fig"}; OS, *P* \< 0.001, Fig. [3b](#Fig3){ref-type="fig"}) or αvβ3 (DFS, *P* \< 0.001, Fig. [3c](#Fig3){ref-type="fig"}; OS, *P* \< 0.001, Fig. [3d](#Fig3){ref-type="fig"}). High expression of both FN and αvβ3 (FN^+^/αvβ3^+^) was associated with a shorter DFS time (*P* \< 0.001, Fig. [3e](#Fig3){ref-type="fig"}) and OS time (*P* \< 0.001, Fig. [3f](#Fig3){ref-type="fig"}) compared with the other groups (FN^+^/αvβ3^−^ plus FN^−^/αvβ3^+^ plus FN^−^/αvβ3^−^). Furthermore, the mean survival time decreased based on the extent of FN^+^ or αvβ3^+^ expression, which was longest for the FN^−^/αvβ3^−^ group (DFS, 67.14 months; OS, 78.43 months) followed by the single high-expression groups (FN^+^/αvβ3^−^ plus FN^−^/αvβ3^+^; DFS, 27.60 months; OS, 58.57 months) and then the FN^+^/αvβ3^+^ group (DFS, 15.10 months; OS, 24.10 months). The DFS time difference between the FN^+^/αvβ3^+^ group and FN^−^/αvβ3^−^ group (*P* \< 0.001, Fig. [3](#Fig3){ref-type="fig"}g) as well as between the single high-expression groups (FN^+^/αvβ3^−^ plus FN^−^/αvβ3^+^) and the FN^−^/αvβ3^−^ group (*P* \< 0.001) was statistically significant. A significant difference in OS time was also noted between the FN^+^/αvβ3^+^ group and the FN^−^/αvβ3^−^ group (*P* \< 0.001, Fig. [3h](#Fig3){ref-type="fig"}), the single high-expression groups (FN^+^/αvβ3^−^ plus FN^−^/αvβ3^+^) and the FN^−^/αvβ3^−^ group (*P* = 0.022), and between the FN^+^/αvβ3^+^ group and the single high-expression groups (*P* = 0.005, Fig. [3h](#Fig3){ref-type="fig"}).Table 5Univariate analysis of FN and αvβ3 expression and osteosarcoma patient survival based on the log-rank testCharacteristicsCase numberDisease-free survival (months)Overall survival (months)MeanSD95%CI*P* valueMeanSD95%CI*P* valueFN High1921.744.8312.28--31.19\< 0.00142.656.4330.04--55.26\< 0.001 Low/negative4161.085.1950.91--71.2575.163.7567.81--82.52αvβ3 High1616.063.349.51--22.62\< 0.00133.386.0821.45--45.30\< 0.001 Low/negative4461.414.9651.69--71.1377.303.3170.80--83.79FN^+^/αvβ3^+^1015.102.909.42--20.78\< 0.00124.103.2217.80--30.41\< 0.001 vs. others^a^5055.604.9145.98--65.2273.313.6166.23--80.39FN^+^/αvβ3^+^1015.102.909.42--20.78\< 0.001^b^0.177^c^24.103.2217.80--30.41\< 0.001^b^0.005^c^FN^+^/αvβ3^−^ plus FN^−^/αvβ3^+^1527.606.7514.36--40.84\< 0.001^b^58.577.4144.06--73.090.022^b^FN^−^/αvβ3^−^3567.145.0957.16--77.1378.433.5771.43--85.43*SD* standard deviation, *CI* confidence interval^+^High expression; ^−^low/negative expression; ^a^FN^+^/αvβ3^−^ plus FN^−^/αvβ3^+^ plus FN^−^/αvβ3^−^; ^b^vs. FN^−^/αvβ3^−^; ^c^vs. FN^+^/αvβ3^−^ plus FN^−^/αvβ3^+^Fig. 3Kaplan-Meier analyses of disease-free survival (DFS) and overall survival (OS) time by FN and αvβ3 expression. **a**, **b** Significant differences in DFS (*P* \< 0.001) and OS (*P* \< 0.001) time were observed between high FN expression (FN^+^) and low/negative FN expression (FN^−^) groups. **c**, **d** Significant differences in DFS (*P* \< 0.001) and OS (*P* \< 0.001) time were observed between high αvβ3 expression (αvβ3^+^) and low/negative αvβ3 expression (αvβ3^−^) groups. **e**, **f** Significant differences in DFS (*P* \< 0.001) and OS (*P* \< 0.001) time were demonstrated between FN^+^/αvβ3^+^ and "others" groups. **g** A significant difference in DFS (*P* \< 0.001) time was demonstrated between FN^+^/αvβ3^+^ and FN^−^/αvβ3^−^ groups. **h** Significant differences in OS time were demonstrated between FN^+^/αvβ3^+^ and FN^−^/αvβ3^−^ groups (*P* \< 0.001) and between FN^+^/αvβ3^+^ and "others" groups (*P* = 0.005). \*, "others" included the single high-expression and double low/negative-expression groups (FN^+^/αvβ3^−^ plus FN^−^/αvβ3^+^ plus FN^−^/αvβ3^−^); †, "others" included the single high-expression groups (FN^+^/αvβ3^−^ plus FN^−^/αvβ3^+^)

To explore the independent prognostic ability of FN and αvβ3 co-expression, three clinicopathological factors (i.e., tumor size, Enneking staging, and response to chemotherapy) that were significant predictors of survival time in univariate analysis (Table [6](#Tab6){ref-type="table"}, Fig. [4](#Fig4){ref-type="fig"}) were evaluated by multivariate analysis. As shown in Table [7](#Tab7){ref-type="table"}, according to multivariate analysis, FN^+^/αvβ3^+^ independently predicted worse DFS (hazard ratio (HR) = 2.66, *P* = 0.025, C-index = 0.75) and OS (HR = 3.75, *P* = 0.011, C-index = 0.84) of patients with osteosarcoma compared with other groups (FN^+^/αvβ3^−^ plus FN^−^/αvβ3^+^ plus FN^−^/αvβ3^−^). Compared with FN^−^/αvβ3^−^, FN^+^/αvβ3^+^ exhibited a statistically more significant predictive value for shorter DFS (HR = 5.62, *P* = 0.002, C-index = 0.79) and OS (HR = 6.35, *P* = 0.010, C-index = 0.85). Similarly, high expression of FN and αvβ3 individually (FN^+^/αvβ3^−^ plus FN^−^/αvβ3^+^) was significantly associated with worse DFS compared with FN^−^/αvβ3^−^. Therefore, co-expression of FN and αvβ3 was significantly correlated with poor DFS and OS in osteosarcoma patients.Table 6Univariate analysis of characteristics and osteosarcoma patient survival based on the log-rank testClinicopathologic dataCase numberDisease-free survival (months)Overall survival (months)MeanSD95%CI*P* valueMeanSD95%CI*P* valueSex Male3853.815.5942.85--64.76NS71.044.3962.44--79.65NS Female2232.395.1322.34--42.4453.816.5940.91--66.72Age (years) \< 182637.425.4326.79--48.06NS51.514.4242.84--60.17NS ≥ 183451.965.9140.37--63.5468.565.0058.75--78.36Tumor location Tibia or femur4049.675.5638.77--60.57NS67.474.5258.60--76.33NS Other location2046.157.5731.32--60.9860.556.8647.10--74.00Histologic subtype Conventional5549.204.7739.86--58.54NS66.423.9758.64--74.20NS Special540.2010.9618.71--61.6955.4014.7226.54--84.26Tumor size (cm) \< 52365.176.6352.18--78.170.00677.914.3669.38--86.450.015 ≥ 53736.394.9726.65--46.1255.984.9646.26--65.71Enneking staging I-IIA2170.056.2757.75--82.340.00179.714.2571.39--88.040.010 IIB3936.425.0826.46--46.3856.544.8747.00--66.07Response to chemotherapy^a^ Good2863.866.1451.83--75.890.00279.113.7671.74--86.480.001 Poor3232.844.9123.22--42.4751.565.4240.94--62.18*SD* standard deviation, *CI* confidence interval, *NS* no significance^a^Good: tumor necrosis ≥ 90%; poor: tumor necrosis \< 90%Fig. 4Kaplan-Meier analyses of disease-free survival (DFS) and overall survival (OS) time by clinicopathological features. **a**, **b** Significant differences in DFS (*P* = 0.006) and OS (*P* = 0.015) time were observed between large and small tumor sizes. **c**, **d** Significant differences in DFS (*P* = 0.001) and OS (*P* = 0.010) time were observed between Enneking stages I-IIA and IIB. **e**, **f** Significant differences in DFS (*P* = 0.002) and OS (*P* = 0.001) time were demonstrated between good and poor responses to chemotherapy. \*Good: tumor necrosis ≥90%; poor: tumor necrosis \< 90%Table 7Co-expression of FN and αvβ3 and osteosarcoma patient survival based on multivariate analysisCharacteristicsComparisonDisease-free survival (months)Overall survival (months)HR95%CI*P* valueHR95%CI*P* valueFN^+^/αvβ3^+^vs. others^a^2.661.13--6.230.0253.751.36--10.360.011 Tumor size (cm)\< 5 vs. ≥ 52.551.06--6.140.0362.570.72--9.240.147 Enneking stagingI-IIA vs. IIB3.341.20--9.280.0212.900.60--13.870.184 Response to chemotherapyGood vs. poor0.750.30--1.840.5260.480.12--1.990.309C-index (95%CI)0.750.65--0.860.840.70--0.97FN^+^/αvβ3^+^vs. FN^−^/αvβ3^−^5.621.91--16.520.0026.351.54--26.140.010FN^+^/αvβ3^−^ plus FN^−^/αvβ3^+^vs. FN^−^/αvβ3^−^3.791.50--9.540.0052.310.59--8.960.228 Tumor size (cm)\< 5 vs. ≥ 52.040.84--4.930.1152.390.67--8.560.182 Enneking stagingI-IIA vs. IIB3.461.22--9.770.0192.690.55--13.080.220 Response to chemotherapyGood vs. poor1.080.41--2.790.8820.620.14--2.800.536C-index (95%CI)0.790.69--0.900.850.71--0.98*HR* hazard ratio, *CI* confidence interval^+^High expression; ^−^low/negative expression; ^a^FN^+^/αvβ3^−^ plus FN^−^/αvβ3^+^ plus FN^−^/αvβ3^−^

Discussion {#Sec11}
==========

Osteosarcoma is the second leading cause of cancer-related death in children and young adults due to its high metastatic potential \[[@CR17]\]. Identification of tumor metastasis-associated biomarkers followed by development of promising therapies targeting molecular pathways will ultimately help to improve the prognosis of these patients. In this study, we found that high expression of FN or αvβ3 individually as well as their combined expression can serve as predictors for poor clinical survival among osteosarcoma patients.

The high level of FN expression in archived osteosarcoma tissues observed in our results was consistent with a previous study by Na et al. \[[@CR18]\]. Additionally, osteosarcoma cells are better spread and have more actin stress fibers, when cultured with FN, compared with fetal bovine serum \[[@CR19]\]. The correlation between FN and a poor response to chemotherapy of osteosarcoma found in the present study demonstrated that FN may support the aggressive potential of tumor cells. Overexpression of αvβ3 increases distant spread towards bone metastatic sites in various osteotropic tumors \[[@CR20]\] and facilitates enhanced cell migration and metastatic potential in osteosarcoma \[[@CR21]\]. In the present study, integrin αvβ3 was found to be upregulated in osteosarcoma and associated with advanced surgical stage and a worse response to chemotherapy, indicating the involvement of αvβ3 in treatment-resistant mechanisms.

Our results revealed that expression of FN or αvβ3 alone, as well as their co-expression, significantly contributes to the poor DFS and OS of osteosarcoma patients. Because it promotes tumor cell invasion and directional migration, FN acts as an independent unfavorable prognostic indicator for malignant tumors \[[@CR4], [@CR5], [@CR22]\], and interaction between FN and αvβ3 may serve as a regulatory point to activate osteoblast adhesion and differentiation \[[@CR13]\]. A previous study demonstrated that the FN-αvβ3 integrin axis promotes tumor cell migration, invasion, and metastasis by upregulating the activity of integrin-linked kinase \[[@CR23]\], which is an independent prognostic factor for poor survival of osteosarcoma \[[@CR24]\]. Thrombin-enhanced cell adhesion of osteosarcoma to FN can be inhibited by rhodostomin, which acts against integrin αvβ3 \[[@CR11]\]. Therefore, multiple lines of evidence indicate that high FN and αvβ3 expression levels may contribute to the metastatic progression of osteosarcoma via various pathways. Antagonists targeting FN and αvβ3 are potentially able to increase the survival of patients with osteosarcoma. FN-targeted antibodies, such as L19-TNF \[[@CR25]\] and F8-TNF \[[@CR26]\], have demonstrated efficacy in inhibiting tumor growth and early pulmonary metastases of human osteosarcoma. Pending the results of ongoing studies, etaracizumab \[[@CR27]\], a humanized version of LM609, which targets αvβ3, may represent another agent for the treatment of osteosarcoma.

Some limitations in the present study should be noted. First, selection bias should be considered due to the retrospective nature of the study. In addition, the application of neoadjuvant chemotherapy before surgery has a potential to influence the fidelity of FN and αvβ3 results. Our findings warrant further investigation into the quantitative analyses of FN and αvβ3 using biopsy specimens of osteosarcoma. Third, our study cohort included a relatively small number of patients, and the follow-up time for evaluating patient survival was relatively short. Thus, further large-scale studies with a longer follow-up time should be performed to offer more convincing evidence.

Conclusions {#Sec12}
===========

Our study demonstrates that the expression of FN and αvβ3 is increased in osteosarcoma specimens and associated with poor clinical outcomes. Moreover, FN and αvβ3 co-expression is independently correlated with short DFS and OS. Hence, FN and αvβ3 may represent attractive therapeutic targets for the treatment of osteosarcoma. To improve the survival of osteosarcoma patients, further investigations are required to identify the prognostic significance in a larger population.
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DFS

:   Disease-free survival

FN

:   Fibronectin

OS

:   Overall survival
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